Background-Pregnancy may contribute to overweight and obesity. Purpose-The primary objective of Active Mothers Postpartum was to promote a reduction in BMI through 24-months postpartum via sustainable lifestyle changes. Design-Behavioral intervention RCT to enhance postpartum weight loss. Setting/participants-A total of 450 overweight or obese women, enrolled 6-weeks postpartum, were recruited through obstetrics clinics and community posters in the Durham NC area. Intervention-Intervention participants were offered eight healthy-eating classes, ten physicalactivity classes, and six telephone-counseling sessions over 9 months. Main outcome measures-Changes from baseline (6-weeks postpartum) to 1-month postintervention (12-months postpartum) in: (1) diet (caloric intake, calories from fat, intake of certain foods); (2) physical activity (self-reported physical activity, television time); and (3) weight
Poor diet and low physical activity also contribute to obesity. Only 20% of those aged 18-34 years report eating five servings of vegetables and fruits per day, and 21% report that they are completely sedentary. 6 , 7 Such behavioral factors are also associated with postpartum weight retention. 8 In the Stockholm Pregnancy and Weight Study, 9 , 10 women who retained more weight 1-year postpartum were less likely to report regular exercise, and more likely to report inconsistent meals and between-meal snacking.
A number of interventions have resulted in short-term weight loss in the general population. 11 These interventions emphasize reductions in overall calories and dietary fat, along with moderate physical activity for 30 minutes a day, 3-5 days a week.
12 Also common to effective interventions are cognitive and behavioral strategies to support weight loss, including selfmonitoring of food intake and physical activity, printed self-help materials, goal setting, and group-based educational sessions to enhance social support. 13 New mothers in particular may be responsive to group formats; they report getting far less practical and social support postpartum than they had anticipated while pregnant.
14 , 15 Popular groups such as MOMS (Moms Offering Moms Support) Club International 16 and La Leche League 17 illustrate the desire to connect with other new moms. Interventions to increase postpartum social support 18 and physical activity 19 have utilized group formats with some success. Although the only previous postpartum weight-loss intervention using a group format 20 reported results from only 23 participants, it did demonstrate greater weight loss in the intervention group than in controls.
Our own survey of 161 pregnant and postpartum women showed that they were interested in weight-loss interventions and wanted opportunities to exercise with others and receive dietary advice in a general, educational setting. 21 Intervention materials were also pilot-tested with ten postpartum women, and feedback from both the survey and the women in the pilot study guided overall intervention development.
Active Mothers Postpartum (AMP) 22 was a behavioral intervention RCT to enhance weight loss in postpartum women who were overweight or obese prior to pregnancy. The objective was to provide a multicomponent intervention that can be widely disseminated and would promote and maintain a reduction in BMI via sustainable lifestyle changes, including reduction of caloric intake, reduction of calories from fat, and increased physical activity. The intervention is based on social cognitive theory, 23 stage of readiness, 24 and motivation models. The key assumptions are: (1) behavior change is motivated by feelings of self-efficacy, which are enhanced when individuals have the necessary skills to make lifestyle changes; (2) ongoing support can enhance the acquisition of skills needed to sustain behavior change; and (3) motivation and goal-setting elicited directly from the participant is most conducive to successful behavior change. 25 The primary endpoint of the AMP study is weight at 12-months post-intervention (24-months postpartum). In this paper, short-term changes in diet, physical activity, and weight are presented. It was hypothesized that the intervention group would demonstrate greater improvements in (1) diet and (2) physical activity than the control group, resulting in (3) greater weight loss from baseline to 1-month post-intervention (12-months postpartum).
MATERIALS AND METHODS

Study Population, Recruitment, and Randomization
Women who had recently delivered babies were recruited from the three largest obstetrics clinics in Durham NC, by prescreening records for patients likely to be eligible (pre-pregnancy BMI≥25). These women were sent an introductory letter 2-weeks postpartum stating that they might be contacted by phone regarding the study. Recruitment posters featuring an 800 number were also placed in grocery stores, smaller obstetrics clinics, and libraries. At 4-weeks postpartum, potential participants were assessed for eligibility via telephone, following a description of the study and verbal consent for the survey. Women who did not speak English, were aged <18 years, or had any health conditions that prevented them from walking a mile unassisted (consistent with previous criteria 26 ) were excluded.
If women were eligible and interested, a member of the study staff met them at their 6-week postpartum obstetrics appointment and measured their height and weight. If BMI was ≥25, the participant was considered eligible, and written informed consent for trial participation was obtained.
Women completed baseline assessments via telephone within 2 weeks of enrollment and prior to randomization. These assessments included a survey of demographic information and psychosocial variables, a physical-activity recall and a brief food-frequency questionnaire (FFQ), conducted by a contracted survey firm; and two 24-hour dietary recall interviews, conducted by the Human Nutrition Laboratory, University of North Carolina at Greensboro (UNC-G). Women were then randomized 1:1 to the intervention or control group (stratified by black versus other and primiparous versus multiparous) using block randomization. The study was approved by the IRBs of Duke University Medical Center and UNC-G.
Intervention
Women in the AMP intervention group (n=225) were asked to participate in eight healthy-eating sessions (Mom's Time Out [MTO] classes); ten physical-activity group sessions (ACTIVMOMS classes); and six telephone-counseling sessions over a 9-month period. They were also provided with a study notebook with exercises, recipes, and other intervention-related information; and a pedometer. Given the intervention's strong emphasis on walking, a sport stroller was provided to encourage walking for exercise outside of class and after the end of the intervention. The stroller was introduced approximately halfway through the intervention period, when infants were able to support their own heads (6-months postpartum); this timing also helped sustain interest in the AMP program. All intervention components were designed to enhance the sustainability of healthy behavior changes beyond the intervention period.
Emphasis was placed on reducing total caloric intake through a decrease in calorie-dense foods (soda, sweetened beverages, fast food) and an increase in fruit and vegetable consumption, and on increasing physical activity to the recommended 30 minutes a day, five times a week. In the MTO classes, women were taught practical skills shown to facilitate weight loss, 27 including making choices that decrease consumption of high-fat, high-sugar foods and beverages; learning appropriate portion sizes; cooking easy, low-fat meals; making appropriate choices at fast-food restaurants; and avoiding overeating in stressful situations. Other topics included structured meal plans and grocery lists, regular meals to reduce between-meal snacking, slowing the pace of eating, and identifying cues of fullness. The ACTIVMOMS classes encouraged walking and demonstrated activities designed to enhance recovery from pregnancy, including aerobics, strength and flexibility training, and pelvic-floor exercises. Using a front-facing baby carrier, mothers could exercise with their babies in a mom-and-tot format if desired.
Every 6 weeks, women received one of six counseling sessions from a trained counselor, lasting about 20 minutes each. These sessions were delivered primarily over the phone, but occasionally in person (e.g., when the woman received her stroller). Consistent with motivational interviewing, 25 , 28 the counselor utilized reflective listening techniques, self-motivational statements, and change talk to elicit participants' personal behavioral goals and troubleshoot barriers to achieving them. The women in the control group received biweekly newsletters with general tips for postpartum mothers. Women in both groups received monetary incentives on completion of each follow-up assessment.
Measures
Dietary intake was measured at baseline and 1-month post-intervention using the Nutrition Data System for Research (NDS-R), a telephone-administered, multiple-pass, 24-hour dietary recall technique. 29 Recalls were collected on 2 days over a 2-week period. Prior to the interviews, the participant was mailed two-dimensional food portion visuals to assist in determining portion sizes. This method is reliable for estimating energy intake of groups and has a relatively low respondent burden. 30 Further, telephone-administered dietary recalls have been shown to be comparable to in-person recall interviews. 31 Data from the NDS-R were used to calculate daily total caloric intake and percent of calories from fat. Servings of soda, other sweetened beverages, fries and chips, fast-food meals, and fruits and vegetables were also assessed in a separate FFQ.
The 7-day physical-activity recall (PAR) was used to capture the number (bouts) and duration (minutes) of periods of moderate, hard, and very hard activity in the morning, afternoon, and evening of each day of the previous week 32 , 33 (e.g., Did you do any physical activity MONDAY in the morning? For how long? Was that moderate, hard, or very hard activity?). Intensity was described as follows: The moderate category is similar to how you feel when you're walking at a normal pace. The very hard category is similar to how you feel when you're running. The hard category falls just in between. The PAR has shown high reliability and validity across multiple and diverse samples, 33 and because it utilizes a 1-week time frame, it is generally considered representative of typical activity patterns. 34 , 35 Correlation coefficients between PAR and accelerometry-derived energy expenditures range between 0.85 and 0.95, and the PAR is sensitive to change. 36 Sedentary behavior (How many hours of television do you watch on a typical weekday/weekend day?) was also assessed.
Measured height and weight were obtained using a Seca portable stadiometer and a Tanita BWB-800 scale, with participants in street clothing with shoes removed. Women who had moved away or were otherwise unavailable at follow-up assessments reported weights obtained at doctor's offices. Intervention participation was assessed through program records of attendance at classes and completion of counseling calls.
Statistical Analysis
Mean group differences in behavior and weight change from baseline to post-intervention were assessed using intent-to-treat analyses; all participants were considered part of the group to which they were randomized regardless of their level of participation, and if a follow-up measurement was not available, the baseline value for that participant was assumed to be unchanged. Sensitivity analyses, including only those participants for whom a follow-up measure was collected, were also conducted. Mean group differences were tested for significance with ttests from linear regression models adjusting for the baseline value of the outcome, age, race, education, parity, and weight at baseline. Unadjusted and covariate-adjusted regression models were used to test associations between program participation (number of classes attended, counseling calls completed) and behavior and weight change. A two-sided alpha of 0.05 was used for all statistical tests. All analyses excluded women who were pregnant at follow-up assessments or had had a second live birth since baseline. With the group sample sizes available, the t-test of mean group difference has 80% power when the true standardized mean group difference is 0.27. For example, because change in weight across time has an observed SD of 5 kg, the t-test has 80% power for a mean group difference of 1.37 kg (i.e., 5×0.27).
RESULTS
Participant Disposition
Of the 2821 women prescreened from patient records, 1695 were eligible for screening. Of the 798 reached by phone, 148 refused screening and 136 did not meet inclusion criteria (Figure 1 ). Of the 514 who signed the study consent form, 64 did not complete the baseline assessments. 
Baseline Characteristics
The mean age of the women was 31 years (Table 1) . Most were well educated and married, and they expected to go back to work full time by 6-months postpartum. About 40% reported household incomes of >$60,000, though lower-income households were also represented. There was a high proportion of black participants (45%), reflecting the community from which they were recruited. 
Follow-Up Assessments at 1-Month Post-Intervention
Seventy percent of participants completed all three sets of follow-up measures. At the follow-up assessment, 24 women were pregnant again, and five had delivered a second baby; these 29 women were excluded from all analyses. Figure 1 shows the number of women available for the sensitivity analyses of weight (69%); dietary recall (74%); and physical activity and the brief FFQ (collected in the telephone survey; 80%). Nine percent of weights recorded at the follow-up assessment were self-reported.
Participation
In the intervention group, participants attended a mean of 3.8 classes and completed a mean of 3.3 counseling calls. Ten completed no classes or calls. These women, along with any others who attended no classes, were mailed the workbook (usually handed out at the first nutrition session). Those who took part in the classes were more likely to be older, white, and married, and have more education and higher income than those who did not participate.
Change in Diet, Physical Activity, and Weight
The main outcomes are presented in Table 2 . Mean caloric intake and percent calories from fat, as measured by the NDS-R, decreased from baseline to follow-up assessment for both groups, and both groups increased their bouts of activity per week and their total minutes of activity per week. Women in both groups experienced weight loss, though this loss was modest (−0.90 kg [intervention] vs −0.36 [control] ). The groups were not significantly different on any of the main outcomes. There were also no significant differences between the two groups in other measures of weight change, including return to pre-pregnancy weight, percent weight loss, change in BMI category from baseline to follow-up assessment, and proportion losing ≥4.5 or 1.0 kg (data not shown).
Observed group differences were slightly greater when the analyses included only those participants with follow-up measures available, but these differences also were not significant (Table 2) . Further, no intervention effects were found in subgroup analyses based on race, age, education, parity, or BMI category at baseline (data not shown).
Class participation was significantly associated with weight change in bivariate analysis (p=0.01; Figure 2 ), but not with change in diet or physical activity. Multivariable analysis controlling for age, race, education, income, and baseline BMI attenuated the effect of class participation on weight change (p=0.57). Completion of counseling calls was not associated with weight or behavior outcomes.
In response to open-ended questions posed at follow-up assessments, participants reported that they had difficulty attending classes because of problems securing childcare and coordinating schedules, including the mother's own schedule (full-time work or school) and those of other children in the family. "Getting some place at a scheduled time" and "getting [the children] ready to take with me" were common problems. When asked what could be done to improve the study, women said they enjoyed and benefited from the intervention, but that they "just didn't have time to do everything." 
DISCUSSION
In this weight-loss intervention RCT, there were no significant differences among the arms in diet, physical activity, or weight change from baseline to 1-month post-intervention. The trial was successful at recruiting and maintaining contact with participants. It had a relatively large sample size, particularly for a postpartum weight-loss trial, 38 and enrollees maintained involvement through the 12-month postbaseline assessments. Additional strengths of the study include a comprehensive and standardized assessment battery, and a diverse population.
Participation in the intervention components that were offered, however, was lower than expected. This raises concerns about the ability of women in this challenging, transitional period of life to attend classes or other group-format interventions while caring for an infant. It was encouraging that weight change in the intervention group was associated with number of classes attended, but this relationship was confounded by underlying factors such as education, race, and income. Class attendance was likely a proxy for having the financial resources and social support to help balance the women's own needs with the demands of infant care.
Six prior weight-loss trials were identified that were conducted among women in the postpartum period. 38 , 39 , 40 Three of these were primarily focused on the effect of diet, exercise, and weight loss on lactation performance. 38 In the fourth study, 39 health-behavior counseling for weight loss delivered by nurses at the newborn's preventive health clinic visits showed no effect on behavior changes or weight loss. The two remaining studies 20 , 41 were most comparable to the current study in that they were RCTs with a focus on postpartum weight loss in a community setting. 40 Both resulted in greater weight loss among intervention subjects, but neither found group differences in diet and physical activity. These latter two studies had much smaller sample sizes (n=90 and n=40, respectively) and lower rates of follow-up participation among those few participants. These studies also targeted women with lower BMIs; mean BMI at baseline in both was approximately 30, as compared to 33 in the current study. Also, their participants were almost exclusively white. Black participants in the current study (45%) were less likely to lose weight postpartum, a finding that has been noted previously. 42 , 43 , 44 The one common element in the two other interventions was the use of food diaries for self-monitoring, which have been shown to aid in weight loss. 45 , 46 Although the AMP intervention also encouraged the use of self-monitoring tools, both for diet (e.g., diaries, calorie equivalencies) and physical activity (diaries, pedometers), these were not required and results were not systematically reported to the study staff.
As in the AMP trial, women in one of these two studies 20 had difficulty attending the weekly group sessions required of the structured intervention group, and more than 40% of participants dropped out, as compared to 27% in the other, which was a mail-based intervention. 41 These findings indicate that mail-or other home-based interventions are likely to be more manageable for postpartum women than class-based interventions outside the home. 47 It is possible that the measures of behavioral change used may have had limited sensitivity in postpartum women. 20 , 41 Recall methods such as the NDS-R are considered the gold standard for self-reported dietary intake, but did not show significant changes by group in the current study. However, weight also did not change significantly by group, and both the diet and weight measures showed similar, nonsignificant reductions by group. It can be argued that the NDS-R provided an accurate measure of change in caloric intake that is reflected in the resulting weight change, the only issue being that neither caloric intake nor weight was significantly affected by the intervention.
The PAR measure of physical activity is also widely used, but it did present certain limitations. It is based on self-report, and especially in women with small children to care for, the instructions for assessing "moderate" intensity may lead to over-reporting of this type of activity. 48 The excessive amount of moderate activity reported by AMP participants (up to 8 hours a day every day of the week) led us to use in the analyses only the "hard" and "very hard" categories, which were meant to reflect intentional leisure-time activity and not everyday household duties.
Maintaining healthy weight is a challenge for most Americans. 49 The presence of a newborn in the home makes it especially hard for postpartum women to prioritize their own health behavior efforts; at this time, the child's well-being is the primary and often overwhelming concern. Previous research among postpartum women, 14 , 15 and a pilot study for the current trial, 21 indicated a desire for social support in weight loss efforts. Further, enthusiasm for the program was evident in the relative ease of completing enrollment and the initial level of interest among those enrolled. Attendance was made as easy as possible by providing sessions multiple times a week, at various times during the day and evening and on weekends, and scheduling physicalactivity and nutrition sessions back-to-back so that with one effort, mothers could attend two classes. Despite these efforts, and the women's own motivation and interest, the realities of getting to class with a baby simply overwhelmed many participants.
Future weight-loss interventions in the postpartum period should shift away from group formats, whose limitations outweigh their potential benefits in the form of social support, to home-based options using mail, telephone, or Internet/e-mail. Approaches to increasing social support in such programs could be to enroll women in pairs, as has been shown to enhance weight loss in other studies, 26 or to enroll them with their spouses, in order to encourage partners to actively support the new mothers' weight-loss efforts. 50 
CONCLUSION
Active Mothers Postpartum was an ambitious trial; rather than taking highly motivated, treatment-seeking women, overweight and obese women were approached at a challenging time in their lives and invited to take part in a fairly complex intervention. Although there was a high level of interest, and the enrollment of a large number of participants was relatively easy to complete, class participation was difficult, and behavior change and weight loss were less than expected. These results indicate that community-based interventions delivered outside the home are not likely to affect postpartum weight loss. More individualized programs delivered in the home via telephone, mail, or Internet/e-mail may be more feasible and, potentially, more successful.
The postpartum period is an important period in a woman's life cycle, not only from the perspective of her own future risk of obesity, but also because it is a time when her child's behavioral risk factors for obesity are being formed. Engaging women in this very busy period in their lives remains a challenge.
